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Abstract

Recent studies show that effective shuttering of photoemisusive tubes, such as Silicon-
Intenaified=-Target Vidicuns (8ITVs) and Microchannele-plate Image Intensifier Tubes (MCPTs),
can vary widely depending upcn the extent of their opacity to an input flux of photons.
Optical feedthrough signals from gho;on transmission through the photocathode to the target
or phogphor ranging from 10-4 to 10=9 (when compared with gated signals) wero moagurod for
a large sampling of commerically available units. Effective shutter ratios of 10° to 108
measured for units operated in quiescently dark environments can be substantially reduced
by optical feedthrough. Purthermore, inef fective suppression of photoemission can cause
further reductions in shutter ratio. Reductions are ~oughly correlated with the ratio of
optical gate duration to light pulse duration. Exper mentation with various thicknesses
of aluminum depositions on MCPT phosphors and chromium layering on SITV ailicon targets
indicate substantial reductions (2x to 15ix) in transmission with minimal increases in
threshold voltages required for gain. These results, together with exploratory studies of
external coating of output tiber optics with transmission filters spectrally matched to
minimize feedthrough to P-20 phosphors are reported.

Introduction

In many applications tho!o lhut&or tubes are expos~d to transient optical scenes that
vary in intensity over a 10° to 10° dynamic range and persist several orders of magnitude
longer than the shutter period. To linearly record the image intensity at various times
throughout such light impulses requires ta-g shutter gate response and an extinction ratio
outside the opticqg gate of greater than 10°, For this type of shutter, two shutter ratios
exist: (1) photon shutter ratio caused by the unintended transmission of input flux from
the photocathode to the target and (2) electron shutter ratio which is the effectiveness of
the reverse bias electric field in suppressing photocathode emiasion,

Earlier we reported! maximum dynamic or gated shutter ratior of > 107 for MCPTs and % 103
for SITVs operated in a dark environment and stimulated with delta Tunction impulses of
light (300 ps FWHM light pulses time-phased to coincide with 5 ns optical gates). Refine-
ments of those measurements show that shutter ratios also vary with (1) ..agnitude of
reverse bjas used for suppression of photocathods emission and (2) magnitude of MCP or SIT
gain during gate time. These effects, combined with the integrated efrects from optical
fesdthrough in field applications where these units are coupled to light sensitive devices
{the silicon target for SITVs and film, 8boS83 vidicons, CCDs, or CIDs for MCPTs) with broad
apectral resprnses making it diffiocult to Siltinquilh between signals produced from trans-
mitted light «nd those produced from photoelecsrons are discussed,

Opacity Measurements

We reported’'’! photon shutter ratios for gated BITVs earlier. Recently we observed
similar Erobloml for MCPTs. The opacity for several samples was measured by using a broad-
band CW lamp to illuminate the photocathode while monitoring the phosphor with a radiometer.
The experimental set-up is shown in Fig. 1. The CW lamp (American Optical Mogel 265 with
microscope lens) was located 6-1/2 inches from the MCPT photocathode. A l-cmf circular
aperture was used to mask the MCPT photocathode so that its illuminated area would be equal
to the input aperture for the EGiG model 550 1adiometer.

The light penetrating the phosphor was measured with the radiometesr sampling hoad butted
directly againat the MCPT output fiber opt:ic while the photocathode was exposad.

The optical energy of the CW lamp (labeled Input Energy in Table I) was measured at the
MCPT photocathode plane by reamoving the MCPT and positioning the radiometer sensing head at
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the same location. A neutral density gelatin filter, ND 4.0, was inserted between the CW
source and the radiometer to attenuate the input light to a levol compatible with the
dynamic range of the radiometar. Tha table entries are actual readings ccrrected up!nrd by
104 to account for the series ND. The average optical power density was 3 200 mM/om< for
this data set. The wavelength spectrum, measured with a LI-COR model LI-1800 spectrometer
is shown in PFig, 2. Essentially, what we are moasuring by this method is the attenuation
of visible light which occurs by having the NCPT in the light path. The Input/Output
columns of Table I show the attenuation factor or optical shutter ratio for the MCPT.

These attenuation data converted to equivalent transmission are Data Set I in Table II.
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Fig. 1. The opacicy measurement setup
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on aight nev sanples and two 8ITVs ( targets in lieu of
at BGaG/880 (Santa Barbara Cl}llomll Opoutm;ng a similar m;

enoapt with redused input power (T 1 millivett/om Those data are also summerised as
:u“g: : in Table Il. Purther independant msasuremsnts on fourtesa Pill NCPTs were made

lestresptic Boviess Lubora (7t. Wa Indi 1
lated ae Data Set'3 in Teble II. . oY yne, Indiana) vith similar results tabu-

The various transmission data range from 10~¢ to 10-?, Bxoluding low and high trans-
nigsion valuss, we can bly oconclude that, to_an orde tude accuracy, the

of
typical ITT NCPT optical transaission is from 10-5 to 10'5 and.:n‘varo MCPTs appear to
have 10x better attenuation,

The transmission from phosphor to photocathode was also mesasured on some » lgs. There

is a stronger angular dspendence in this direction with a few degrees (upproxﬁs ) from

normal (light mource axis p::rnd.teuhr to MCPT paotocathode) caus a8 much as two orders
ansml s

of magnitude change in tr fon. For the perpendiuvular orientation, the majority of
samples (8§ of 12) showed lower attenuation (2x to 10x) in this direction.

Experimentation with various thicknesses of aluminum oxide phosphor coating to improve
attenuation of feedthrough without sacrificing too much gain was performed at ITT. The
results are summarised in Table III. For 8ITVyk, the side of the siliecn target that faces
the image beam (photocathode aida rather than oioctm gun side of SITV) has a thin (hun-
dreds of angstroms) chromium layer which serves as a uu-opgul ligh”~ barrier to minimine
senaitivity to photons. Layer thicknesses were mesasured at dur! manufacture using a
quarts crystal oscillator and analysing resonances. The data for 3 SITVe is in Tadle III,

Table IIl. MCPT and SITV transmission vs target coating thickness

Approututﬁ S transmission
Thiokness (A) {Coating+tgt+fo coupler) dead voltage remarks
Normal - x10™ 3RV -
lat attempt: -- ax10™4 - Al lifted upon
. application of WV
2nd attempt: - 6x10~ 3.4 kv Used on 8N14-311/4
RED MCPT.
ird attempt: -- 1.5x10"% 3,7 KV Mot yet tested in
MCPT geometry.
SITV=-1 < 100 X 200 < 3 RV
81TV-2 200 2 to 4% I KV - -
8ITV-) 700 < 18 3.% kv - -

The overall SITV tnnutulon,z measured b{ removing high wlnr from the image section
while illuminating the photocathode with i\! light lnd observing silieon . ~get vi
indicated optical atun\nugn from 3.2x10% to 2x10° for five 'ntu. Three S8ITVe vleﬁ
chromium in the 600 to 000 X range geve attenuation in the 10° to 107 range. The possibi-
lity of externally coating MCPT output (pholgho:) fiber optic couplers with narrow band
transmission filters spectrally matched to the P=-20 r to suppress feedthrough at
other wavelengths is under investigation, Various tkicknesses of index of refraoction
matallic materials including aluminum oxide and cadmium sulfide and lov index of refraotion
dieleatrics such as u!nouun fluoride are Seing investigated to evailuate peocesible sandwich
(metal-dielectric-metal) thicknesses before resolution losses becoms too severe,

Rhotoemigsion suppression

The phosphor brightness as a function of photocathode-to-microchannsl iltt voltage vwas
measured using a standagd light source of variable intensity and a intensifier-based
optical multichannel analyser (Princeton Applied Wesearch Model #0MA-3). The transfer
curve for bias voltages in the range from =30 to +30V is shown in Fig. 4. The smero to =30V
portion corresponds reverse bias and the mero to +30V corresponds to forward bias. PFor

ideal shutter control, the reverse bias range should provide complete suppression of photo-
cathnde emission while the forward bias should produce a linear gain funation,

Small leakage emission at small reverse voltages (¥ =23 (o OV) and manirm NCP gain was
observed trom either Varo or IT units. This was unexpected oscause the energy range of
incident visible photons is 1.5 to 3.2 eV, Our earlier work’ dnes show come gate
tnnnuugn at near sero bias, albeit with reduced parforman:., FPror smell forward
voltages (¥ OV to +6V) the ncrl‘ ie undugol.ng a transition phiu.» uasociatud with establish-
ing suffiolent electric field across the photocathode-to-MCPy, s&p to allow penetration of
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photoelectrons into the NCP. Slightly larger voltages (X +135V to +20V) ars required fer
proximity focusing to be established. Beyond +20V, gain inoreases linesarly with voltage
and resolution shows only a weak dependence on voltage.

Tests were performed to measure the effectiveness of currently used MCPT bias aircuitry
(PFig. 3) in suppressing photocathode emission. The reverse biss poteatiemeter, ¢ pro-
vides a voltage range from 0 to -50 volts between photecathode and microchamnel plate input
to kesp the NCPT quiesocently shuttered off. Por gating the NCPT on, a !onurd—blul
negative 80V 1.3 ns PWHM gate pulse (Fig. S5) is AC- led through Cl and C2 to the :goto-
cathode. The algebraic d!thnnm batween the gate pulse litude and ths static raverse
bias is the effeoctive forward bias voltage as indicated in Pig. 6.
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Two standard configuration MCPTs, ITT F41lll and Varo 3722-11 were orerated in the AC or
gated mode (non-gated phase) with high voltage applied but with 10 gate pulse so the tube
should be shuttered off over the range of reverse bias provided by Rq. The MCPT was then
strobed with a high intensity short duration Xenon flash (see Fig. 7) and the phosphor
signal was recorded by an 8b353 FPS vidicon fiber optically coupled to the MCPT. The
series of video scan-line photographs in Fig. 0 show that when the MCPT and phosphor have
voltages across them (both are active and ready to provide gain for any electrons that
reach them) the leakage photoemission is amplified even though the MCPT ir assumed to be
off and no gate pulce is applied. The Varo unit appeared to ba leas effectively bilased
(allowed more leakage photoemission) than the ITT unit, ae indicated by the larger ND
filters required to give the same amplitude as for the optical feedthrough signal.

Because of gain, the differance in gated or DC mode signal amplitude vs optical through-
put with no HV is greater (by an amount equal to the gain of the tube) than the optical
shutter ratio. This is also shown 6n Fig. g. For typical ITT and Varo units, the DC mode
signal for Max MCP gain is from 1010 ¢o 101 stronger than the optical feedthru. Fcr these
same MCPTs, the optical shutter ratio is from 106 to 107,

The gain dependence on reverse bias was further analysed using the setup shown iu Fi?. .
An EG&G %50 radiometer was used to measure phosplior brijhtness at the center of the optical
gate at several ru rse bias voltages with fixed gate amplitude (refer to Figs. 5-7 for
clarification of accual division between forward and reverse biases). The plots for two
different MCPTs, ITT SN 14-311/4 and Varo SN 324054 are found in Fig. 10. Again, the ITT
unit appears to be more effectively biased off than the Varo unit at lower reverse-bias
settings.
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Fig. 7. B8atup for photocathode leakage emission experiment, The light source is a General
Radio Strobe, Model 1539-~A., The vidicon ocoupled to the MCPT phosphor measures

g?onphor signal induced by photoelectrone which are not suppressed by the reverse
as,
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Fig. 8. Non-~gated leakage smission versus reverse bias for two MCPTs. Part a,
for a Varo MCPT shows poorer suppreasion than for 1TT sample, part b,

Dynamig ghuttering

Static shutter ratios are measured by first obtaining a ztvon signal amplitude in the DC
mode for a known optical intensity. Then the shutter tube is operated in the gated (AC)
mode but in its non-gated phase and the input intensity is increased until the 'same signal
amplitude is obtained. The ratio of the two intensities, corrected for the differenoce in
AC and DC gaines, is the shutter ratio.

A more rigoruus measuremsnt was made vhich mapped the transmission behavior immediately
before and after optical gats tarmination, The ueublor this experiment is in nx. 11,
A PAR modal LN-102 dye laser excited a PAR model 1N-100 nitrogen laser emits 500 ps PWNM
pulsed light which travels over an c‘t val path of about 10 meters in air. The used
was C481 with a peak wavelength of 400 na, A long foocal lans focused the laser beam
on tha photovathode of the m‘.n. Scattered light frua this 8 was uwsed to saturate an
RCA 0570 photomultiplier which tugond the ru pulser shrough ar. adjustable cable delay.
The gate pulse (and therefore the NCPT optical gate) was adjustable frem several tens of ne
after to about 2ns before the light pulse. First, the delay was adjuwated so that the light
pulse was coincident with the psak of optioal gate and WD filters wre inserted in the bean
path until a minimum detectable signal was observed, The delay was shen varied, "walking”
the optical gate sither side of the light pulse and WD filters were removed until the
minimum detectable signal was again observed. In this manner the optical power extinection
ratio of the MC?T was measured at several points ia time relative to the peak of the
optical gate. The data for one ITT and one Vug MCPT are plotead in Pig. 12, A1l
fluorescence tail (tens of ne duration at X 10°% of peak insensity associated with ¢t
main dye pulse is shown at the io‘ding e of the optical gates. Im our normal procedure
for oharzoterisi !nun! 3poed “J only the e:g three decades of axtinctioh are used be-
cause of tyglcn 04 to 103 dynamic range of the cascaded NCPT/vidicon. Based upon that
method, optical gate widths of ¥ Ins would be determined for these NCPTs. MNowever, for
shuttering against light widths > optical gate widths, the total dynamic shutter ratio must
be inoluded to acourately define the total optical gate width.

Additional measuremsents uaing a radiometer in lieu of thu 81T vidicen were taken through-
out two MCPT optical gates 'i various tias levels. Neferring %e Pig. 9 for sevup detalls,
a nev gatc Sequsnce Analyser! (laser diode/MCPT gate puleer syashroniser) vas used to
genurate repatitive (2 Kis) optical gates. The radiomster readings were recorded at lns
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bias levels.
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increments. The data obtained wvas normilized using a computer prosram. Before normalica-
tion a DC to AC gain msasuressnt was made. This was done and all data was normalized such
that the DC output is 1.

The data (Fig. 13) shows similar wi of the optical gate at low sijnal amplitudes.
The ringing is attributed to alectrical ref ions from poor gate pulse termination. The
greater sensitivity of the 8IT vidiocon peramittsd tracking the gsate transmission at lower
phosphor ewission lewvelo. Also, the LE-102 dye laser provided more optical power/pulse
than the PL3-10 laser diode resulting in the longer plot in Pig. 12,

Conolusions

ical feedthrough establishes the lower limit of usefulness for MCPTs and §1ITVs when
the light pulse i{s equal to or shorter than the optical gate. Por light pulses longer than
the gate, the feedthrough cignal integrated over the time duration of the light compared
with the gated signal integrated for the gate duration gives a first approximation effect
of feedthrough. -

Leakage photocathode emission establishes another lower-level threshold. Bacause of the
sharing effect (of static and gated voltages) between reverse and forward biases, signal
levels within the gate vary non-linearly as functions of (1) gated gain due to increasing
forward voltage and (1) leakage gain from simultansously decreasing reverse voltage. Out-
side the gate, leakage smissicn amplification 1s a function of reverse bias.
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